reduce the amount of water used, resulting in savings et al., 1967), increasing surface water-holding capacity water-supplied, irrigated agriculture are energy (McCalla and Army, 196 l), and increasing infiltration consumption and limited water supplies. In Nebraska, of water into soil (Mielke et al., 1984) . By using reover 40% of the energy consumed by irrigated agriduced-tillage systems, fewer energy-intensive tillage culture is used in pumping water from wells (Gilley operations are used, and soil, water, and energy are and Watts, 1977). In addition, water shortages are beconserved. The purpose of this experiment was to coming commonplace, and limited water supplies are compare effects of tillage and type of sprinkler used a reality in many areas of the USA.
impact sprinklers or spray nozzles for distribution of and increase soil loss.
sure-sprinkler irrigation. Therefore, use of these practices can reduce
There is need to develop and use tillage systems production costs without reducing yield.
compatible with irrigated agriculture that maintain
Additional index ~~ords: Zea mays L., Reduced tillage, Conservaplant residues on the soil surface, thus providing soil tion tillage.
erosion protection (Mannering and Meyer, 1963) , reducing evaporation losses (Bond and Willis, 1969; Greb T w o of the most important problems facing groundet al., 1967), increasing surface water-holding capacity water-supplied, irrigated agriculture are energy (McCalla and Army, 196 l), and increasing infiltration consumption and limited water supplies. In Nebraska, of water into soil (Mielke et al., 1984) . By using reover 40% of the energy consumed by irrigated agriduced-tillage systems, fewer energy-intensive tillage culture is used in pumping water from wells (Gilley operations are used, and soil, water, and energy are and Watts, 1977). In addition, water shortages are beconserved. The purpose of this experiment was to coming commonplace, and limited water supplies are compare effects of tillage and type of sprinkler used a reality in many areas of the USA.
to apply water with a center-pivot system on corn (Zea Much of the future irrigation development in the mays L.) yield. USA will occur on lands not suited to surface (furrow) irrigation methods. Sprinkler irrigation, probably in MATERIALS AND METHODS the form of center-pivot systems, will be the primary A 54-ha center-pivot system located at the Univ. of Neused in most future irrigation development.
braska-Lincoln field laboratory near Mead, NE, was Center-pivot systems have the capability of applying fied to include each of the following: (i) a high-pressurecontrolled amounts of water within relatively short impact-nozzle (HPI, conventional) system, (ii) a low-presperiods of time. Therefore, operators of center-pivot sure-impact-nozzle (LPI) system, and (iii) a low-pressuresystems can utilize more of the irrigation-scheduling spray-nozzle (LPS) system. The pressure at the end of the procedures than irrigators using surface methods (Kinline and spray nozzles within circular area 11 in Fig. 1 were sized to supply 75% of the depth applied in area I (0.68 L s-' ha-') and is designated 75%. For circular area 111, designated the 50% treatment, the sprinklers were sized to supply 0.45 L s-I ha-'. For a given circular area, I11 for example, the system was designed to apply the same depth of water under all three methods of applications: HPI, LPI, and LPS. Of course, depth of water applied per imgation was dependent on speed of rotation of the machine. As speed of rotation increased, depth of water applied decreased. Additional details of the center-pivot design and operational characteristics were discussed by Gilley et al. (1983) . IRRIGATE, the imgation scheduling model developed by Tscheshke et al. (1978) using a soil water balance was employed to determine imgation dates for the system. The system was managed to maintain relatively small water depletion in area I (Fig. I ). All areas (I, 11, and 111) were irrigated at the same time.
Amount of irrigation water applied at each imgation was measured with rain gauges within each irrigation method and amount treatment combination. Because of the variation in application associated with wind and system rotation, the gauges were constructed with 0.0 15-X 1.520-m openings. They were supported above the corn canopy at a slight angle from the horizontal to allow rapid drainage into a collection vessel with a small opening to reduce evaporation. Gauges were positioned on radii of the center pivot. In 1978 and 198 1, a late-season corn hybrid, 'Prairie Valley 76S1, was planted at 53 900 and 64 200 kernelslha, respectively. In 1979 and 1980, 'B73xMo17' was planted at 74 100 and 64 100 kernelslha, respectively. All treatments were planted within 3 days during each year of the study. Starter fertilizer was banded at 5.6 and 10.6 kg/ha N and P, respectively. The corn was sidedressed at the six-leaf stage with 170 kg N/ha as a 28% N (w/w) solution. Required herbicides and insecticides were applied at labeled rates uniformly across treatments.
The experimental design was a randomized, complete block with a split-split-plot arrangement of treatments in three replications. Whole-plot treatments were method of water application (HPI, LPI, and LPS); subplot treatments were amount of water applied (100,75, and 50%); and sub-subplot treatments were tillage (D, C, and T). Water-application method treatments were randomized within blocks and tillage treatments within subplots. However, because of the physical contraints of the center-pivot system, randomization was not possible for the subplot treatments (amount of water applied), which limited the statistical support given the conclusions about the effect of the amount of water applied (Hanks et al., 1980) . After physiological maturity, two sets of adjacent row segments 7.62 m in length were identified. Number of plants and ears were recorded for each of the four-row segments. Ears were hand-harvested and grain removed with a tractorpowered sheller. Total grain weight was recorded and subsampled for water content and seed weight determination. Earslplant and kernelslear were calculated. Means of grain yield (adjusted to 15.5% water) and yield components for the four-row segments were analyzed by standard analysis of variance (ANOVA) procedures.
RESULTS AND DISCUSSION
During 1978, precipitation and temperature were below normal and greatly delayed planting. Precipitation in June and July was slightly below normal and precipitation distribution throughout the season was excellent, which resulted in less total irrigation water required than in 1978. Irrigation amounts in the 75 and 50% treatment were 73 and 47% of the 100% treatment, respectively. During 1980, average temperature for June through September was greater than 1 "C above normal. This season was also dry, with precipitation being 129 mm below normal for the months of May through September. Seasonal irrigation was highest during 1980, reflecting the greater evaporative demand caused by the combination of high temperature and low rainfall.
Mean air temperatures in 1981 were near normal for July and September, below normal in May and August, and above normal in June. Rainfall for the season was near normal; however, it was substantially below normal in June and above normal in August. Imaation water a~~l i c a t i o n reflected the rainfall Dat- ized. $ Residual includes all three and four-way interactions involving the ha for the 100, 75, and 50% treatments, respectively. year main effect. None of these were significantly different.
The small yield differences over the irrigation amount treatments were due to i) system management to maintain small soil water depletion in the 100% area with frequent irrigations, ii) relatively high soil water-holding capacity, and iii) substantial precipitation during critical portions of the growing season (Table I) . The combination of these factors resulted in relatively small reductions in crop evapotranspiration and thus yield. The two-way interaction of method by amount was significant during 1978 and 1979, when grain yield was least with the 75% application for the LPS method, while yields were not significantly different for the 75 and 100% amounts for the HPI and LPI methods of application. The tillage effect was significant (P < 0.05) for yield, with T treatment producing more grain than the C treatment (8.66 and 8.29 Mg/ha, respectively). With irrigation in eastern Nebraska, effects of differences in conservation of soil water among tillage treatments are unlikely to be reflected in crop yield. The tillage treatments were selected to maximize infiltration of irrigation water, thereby decreasing runoff, rather than to conserve soil water by evaporation during the nongrowing season.
The C tillage treatment significantly reduced yields in 1979, producing 89% of the mean yield, while the D and T treatments produced 103 and 104% of the mean yield, respectively (Table 3 ). This resulted from greater water stress on the plants immediately following the chisel operation. As used in this study (after cultivation), chiseling severely pruned plant roots, effectively isolating each row of plants into a block of soil 0.91 m wide and to a depth of 0.35 m. Any roots extending beyond these dimensions were severed, limiting immediate water uptake capabilities. DeBoer and Beck (1 982) also reported inconsistent yield responses to chisel treatments applied at the six-to eight-leaf stage. In paired-plots in farmer-operated, sprinkler-irrigated fields, a 2-year average yield increase of 0.8 Mg/ha was reported for the C treatment; however, in a more controlled experiment, no difference was found between chisel and nonchisel treatments. In our experiment, a significant tillage effect was noted during 198 1, in which the T treatment produced 105% of the average grain yield, while the C and D treatments produced 97 and 98%, respectively (Table 3) . A significant tillage-x-amount interaction existed in 1978. The C treatment produced equal yields at all levels of irrigation, while the D and T treatments produced greater yields with greater irrigation.
The lack of grain yield response due to method of water application was supported by data on yield components. None of the yield components measuredplant population at harvest, ears per plant, kernels per ear, or seed weight-displayed a significant reponse to method of water application. These results strongly support the conclusion that none of the nozzle systems investigated have an inherent advantage or disadvantage in terms of corn grain production capability.
Similarly, the significant effect of tillage on grain yield was confirmed by corresponding differences in yield components. Significantly more plants were present in D than T or C treatments (Table 3) . During 1979, significantly more plants survived until harvest in D compared to the T treatment. The higher plant population in the D treatment may have been associated with greater numbers of volunteer plants surviving because seedbed conditions in the D treatment were more conducive to volunteer plant survival than in T and C treatments. When plant population was used as a covariant, the three-way interaction (tillage X method X amount) for grain yield in 1979 was no longer significant, suggesting that differences in grain yield were directly related to differences in plant stand.
Number of ears produced per plant (Table 3) showed a significant year-x-tillage response (Table 4) . During 1979, fewer ears were produced per plant with the C treatment than with D or T treatments. This was a logical result of the higher plant population with the C treatment that year. Fewer ears per plant were produced with the D treatment than with the T or C treatment during 1981; however, the magnitude of the differences was not great and probably of little practical importance.
For the experiment, the average number of kernels per ear was just over 600 (Table 3) . Irrigation method and amount-x-method interaction effects were not significant (Table 4) . Tillage effect was significant in all years except 1980, which was the most stressful year for corn production. Below-normal rainfall (Table 1) and high number of hot days (maximum air temperature 2 35OC during 47 days from June through September) resulted in lower yields and a reduced number of kernels per ear. Coefficient of variation for these data in 1980 (45%) was four to six times the coefficient for the other 3 years. Stress conditions during the 1980 growing season resulted in greater variation and less precision in detection of treatment differences. Over the entire experiment, more kernels per ear were produced with T (628) than with the other treatments (598). This may have been a compensating response of the corn to the somewhat lower plant population for the T treatment. A significant tillage-x-amount interaction also occurred.
Although the overall analysis showed no significant response of seed weight to method of irrigation, individual year analysis (analysis not shown) indicated a significant response to irrigation method during 1981. The HPI treatment resulted in larger seeds (240 mg/ seed) than the LPS treatment (232 mglseed). The tillage effect for seed weight was also significant during 1978, 1979, and 198 1. During these years, T treatment resulted in slightly greater seed weight (260 mg/seed) than C (257 mglseed) or D (256 mg/seed) treatments. Again, this may reflect the lower plant population with T treatment. Alternatively, greater water conservation would be expected with till planting and may have resulted in larger seeds with that treatment. Visual inspection of seed weights over the three amounts of water applied would tend to suggest that, with additional available water, seed size increased.
The year effect was significant for all measured parameters and was not unexpected. Only seed weight was significantly affected by the year-by-method interaction. The significant year-by-amount and year-bytillage effects on several parameters were logical, considering the variation in amount and timing of rainfall and the influence the C treatment had on plants, especially during 1979. None of the three-and four-way interactions with years was significant and was therefore pooled and reported as residual in Table 5 .
The use of low-pressure irrigation machines will increase with future developments in irrigated agriculture. Lowering nozzle pressure increases peak application intensity because a smaller land area is covered. Soil-management methods are needed to increase soil water infiltration or provide temporary surface storage of water for the successful use of low-pressure nozzles on some soils. Corn grain yield was not influenced by method of applying water. Tillage methods may influence yield if not applied at the proper time (e.g., 1979 C treatment decreased yield). The use of low-pressuresprinkler irrigation systems on lands that are not subject to runoff problems, or in combination with soilmanagement and tillage practices, which reduce potential for runoff, can reduce production costs and save energy.
